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[The development of .aerial navigation, almost unknown but five years 
ago, has with the adequate demonstration of its possibility and ultimate 
practicability proceeded with most rapid strides. In the account here 
presented, originally contributed to La Nature, of the requirements of the 
gn de siecIe heavier-than-air fnachine, the author analyzes in detail the 
essential features of the power plant equipment and suggests a probable 
solution of th e problems of future development.] 

IT has been said, and with reason, that  the automobile alone 
made aviation possible; in fact it .is the ligh t and :powerful 
petroleum motor  employed in this vehicle that has given wings to 
mechanical birds. 

One is tempted to assume that a very light motor  is still indis- 
pensable to aviation. Progress  made in the past two. years is 
such that  designs have, or at least should have, reached permanent 
types. The light motor  is no longer a necessity. The recent 
exploit of Sommer who carried three passengers, that  is, a useful 
load in the neighborhood of 45 ° lbs., is sufficient proof o.f this. 
The motor  could evidently have weighed considerably more and 
the apparatus grill have been capable of carrying the operator and 
one passenger. Does this mean that light motors are to be dis- 
carded and all efforts toward securing lightness abandoned? 
We  entertain no such thought.  

The light motor  which made possible the flights with early 
apparatus will now make flight more certain and nearly free 
from danger. It is only too well known that all failures of the 
motor  result in an immediate and often rapid descent which at 
times may be exceedingly dangerous. Notice also that the promi- 
nent aviators who undertake a cross-country flight select their 
course with care and mantain a very high altitude. Lambert ,  who 
ordinari ly does not s e e k h i g h  altitudes, in soaring o.ver Paris, 
was obliged to ascend to a he ight  of more than 16oo feet. 
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P a n h a r d  and  L e v  assor[concent r ic  inlet  and  e x h a u s t  va ]ves  opera ted  by  a s ingIe cam.  

P I G .  3" 

E x t e r i o r  v i e w  of  P a n h a r d - L a v a s s o r  4-cylin- 
der  motor .  W e i g h t  w i t h o u t  cooling wa te r ,  
2~o lbs.; 35--45 horsepower .  

two motors each capable of insuring the motion of the aeroplane. 
In normal flight the two motors would be attached to the propeller 
through a double clutch, each operating at only half its normal 
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power. Should one o.f them fail the operator uncouples itl while 
the other driving with full power permits the flight to be con- 
tinued until a favorable landing is reached. The low efficiency 
of two motors operating at half power will doubtless provoke 
criticism. It is known that the efficiency of an explosive motor 
diminishes somewhat rapidly when it operates at a power too far 
below normal. But less primitive methods than those found on 
existing engines may be employed for controlling the speed. 

PIG. 4G. 

One connecting-rod of the Gnome motor i s in tegrM with the head, the six others are 
pointed to the head. 

FIG. 45. 

Exhaust-va]ve levers of Gnome motor. 

Speed control by varying the lift of the exhaust 'valves for 
example, long in use on the De Dion motors, gives excellent 
results from the point of view of efficiency. 

FI:EL CONSUMPTION.--Fuel consumption has to-day acquired 
an importance little suspected but two years ago. Present-day 
flights are no longer measured in minutes; the hour has been 
exceeded by many pilots and it is reasonably safe to predict that 
the day is not far distant when the aeroplane will enter the field 
of touring. Notwithstanding all precautions, landing being 
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always a precarious matter, it becomes essential to avoid as far 
as possible the necessity to replenish the fuel supply during a 
trip. As the allowable weight of combustible is limited, a motor 
of high efficiency will become essential. A few figures will 
serve to emphasize this requirement. 

A petrol motor consumes about I.O 5 pints of fuel per 
horsepower hour. Let us consider an aeroplane, whose motor is 
developing 29.6 horsepower, moving with a mean speed of 37.3 
miles per hour, an average performance of actual apparatus. The 
hourly consumption will be 32 pints, that is, 53 pints per 60 miles. 
Adding to this about 8.4 pints of lubricating oil, and we shall 
still b.e below actual results. Sustained flights by aeroplanes may 
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Diagram of connection in Onorne motor. 

b.e regarded as the highest achievement in transportation. It is 
safe to expect that the aviator will aim to make a trip, for example, 
of I8o miles without stopping. He will require 95 pints of 
petrol and 25 pints of lubricating oil, weighing together, with 
their recipients, about i32 lbs., o.r nearly the weight of a 
passenger ! 

Notice, however, that fuel consumption in the majority of 
motors is appreciably greater; greater, it may possibly be said, in 
inverse ratio to the amount of study they have received with a 
view to securing extreme lightness: Thus according to the 
assertion of one manufacturer an early extra-light motor con- 
sumed 3.2 pints per horsepower hour. This motor, moreover, 
weighed scarcely more than 3.3 pounds per horsepower. A 49 
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horsepower motor, consequently, developing only 3 ° horsepower 
in normal flight wo.uld weigh 165 pounds and would require for 
a journey-of  18o miles a supply of 285 pints of petrol and 
at least 42 pints of lt~bricating oil weighing, all told with tanks, 
about 3o8 pounds. The total weight of mo.tor-7 petrol -7 
oil thus reaches 47 ° pounds. 

The motor whose fuel consumption was referred to above 
weighs but from 5.5 to 6.6 pounds per horsepower, that is, 33 ° 
pounds. The total weight in this case reaches 46o pounds: From 
a simple comparison of figures, the conclusion is obvious. 

TIlE LiG~IT MOTOR.--Be it a s  it may, it .is interesting to 
investigate how a reduction in weight of a motor may be 

FIG. 4d. 

The seven connecting-rods of the Gnome motor. 

effected. We shall consider this question in what follows. 
Three distinct methods are available: 

I. Reduction in weight o.f each component member. 
2. By better design, the elimination of a certain number of 

parts. 
3. By 'increasing the power without increasing the ratio of 

weight to power. 
Let us investigate in the above order each of the three methods. 
i. REDUCING WEIGHT OF PARTS.--The obstacles here are 

that the strength must remain unimpaired in reducing the weight 
and that the number of parts available is limited. 

Cylinders:--The cylinders which in automobile motors are 
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almost always of cast-iron may be materially lightened if made of 
steel, which having greater tensile strength can be much thinner. 
Moreover, with cast-iron cylinders it is necessary to provide addi- 
tional thickness to cover defects in the foundry. By separating 
the cylinder from its water-jacket and by placing the valves in 
the head, both the exferior and interior may be entirely finished 
on a lathe. 

As to the permissible thickness, it is possible to reduce this to 
the dimension required by calculation of the stress on the material. 
However, in water-cooled cylinders the thickness should be suffi- 
cient to prevent a too rapid dissipation of the heat of the explosive 
gases and consequent considerable loss in efficiency. The plan 
of placing the valves in the head, on the contrary, favors high 
efficiency, the explosion chamber having thus a minimum of walt 
surface. With a view to keeping all parts of the cylinder an 

P i t .  4 e. 

Master connecting-rod and piston of Gnome motor. 

uninterrupted double curved surface of revolution the two valves 
have by some makers (R. F~. P., Panhard, Pipe) been arranged 
concentrically with the axis of the cylinder. 

The water-jacket can be made of copper or aluminum, 
crimped and brazed to the cylinder. No small difficulty has been 
experienced in making a durable joint with the cylinder, the 
difference in expansion of the two materials causing frequent 
leaks. It seems, however, that the results obtained by crimping 
followed by silver brazing, or even by a galvanic deposit, are 
durable and practical. Formerly the cylinders of certain motors 
were made partly of steel and partly of aluminum, but that con- 
struction is no longer employed. 

The Piston. The piston may receive the same treatment as 
the cylinders to secure lightness, that is, cast-iron may be replaced 
by steel or even aluminum. The gain in lightness here is rela- 
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tively small but it permits of a h igh  rotative speed, which, as wilt 
be presently seen, increases the power per unit of mass. 

Frame.--The housing can be considerably lightened by the 
adoption of a special arrangement of cylinders. It is thus, in 
the rotative Gnome motor, reduced to its ultimate simplicity. 

Fly-I/Vheel.--It is not difficuit to save in weight on the fly- 
wheel, without reducing its moment of inertia. For  this, it has 
sufficed to concentrate its mass at its periphery and to increase 
its diameter. In the motor, Dutheil and Chalmers, fol~ example, 
it consists of a rim of steel connected to the hub by steel spokes 
as in, a bicycle wheel. 

Fic,. 4f. 

Exterior view of Gnome motor. 

Accessories; Radiator.--The cooling system has been the 
object of many attempts towards simplification. Many designers, 
adopting air-cooling, eliminate it almost entirely. It is reduced, 
in that case, at most, to a fan which forces the air through a brass 
jacket embracing the cylinders. In the rotative Gnome motors 
the displacement of air by the cylinders insures an adequate cool- 
ing effect. 

In water-cooled motors the radiator wi th  its supply of liquid \ 
constitutes a considerable weight. It has been greatly reduced, 
first b y  the construction of special extra light radiators, whicl~ 
arranged either under the wings (Santos-Dumont) or on the 
body (Antoinette) of the aeroplane, then in reducing to a mini- 
mum the quantity of water. Thus, in the Antoinette apparatus, 
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the radiator is intended not to cool the water but to condense 
the steam which escapes from the cylinder-jacket. 

The above comprise nearly all the reductions in weight that 
one may hope to effect on the component parts of the motor. 
Connecting-rods, valves, and cones have been pared down by 
automobile motor designers to the limit of lightness. As they 
say it{ shop. argot they cannot be skinned any further. 

FIc. 5. 

Four-cylinder Anzani V-motor. 

2. ELIMINATION OF CERTAIN MEMBERS.--The automobile 
motor as we understand it carries no superfluous members. Each 
has a determinate function and if a single one of them is removed 
the mechanism stops. To accomplish a lightening by the method 
of elimination, the separate members of the motor must be so 
correlated that one of them can fulfil the functions previously dis- 
tributed among several others. Along this line of attack beset 
with obstacles little progress has been made. 

Non-essential Accessories.--First, those accessories that are 
not absolutely essential have been suppressed, such as the muffler 
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and exhaust piping. Even the carburetor has disappeared in some 
motors and with it the admission piping (Antoinette, Wright) .  
In these the fuel is injected directly over the valves. 

It is not alone, however, the craze for extreme lightness that 
has prompted the designers of these two motors in this radical 
suppression. The carburetor is at present an  object of attack 
from numerous critics who are even disposed to treat it as a scape- 
goat. It is, nevertheless, a question whether its defects are as 
serious as its critics would have us believe. 

FIG. 6. 

Renault aviation motor. 

Fly-l/Vheel.--The fly-wheel, already lightened in Some motors, 
has been entirely omitted in many others. It is understood that 
its function is to regulate the action of an explosive motor whose 
torque is very variable, the more so as the motor is equipped with 
a smaller number of cylinders. On motors with six cylinders 
the fly-wheel ceases to be theoretically necessary, the torque is 
in effect always positive and never falls to zero. A fortiori with 
eight cylinders it may be entirely dispensed with though it is still, 
shall we say, wisely provided on a few motors of this class. The 
omission of the fly-wheel is not unattended by disadvantages. 
While apparently suppressed, the propeller keyed to the crank- 
shaft replaces it and absorbs the shocks due to variable and 
sudden torque of the motor. 

A better solution is embodied in the rotative motors (Gnome, 
VOL. CLXX,  No.  I O I 8 - 2  3 
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Burlat). In these motors it is the mass of the cylinders which ~ 
revolve and, consequently, replace the fly-wheel. There is here 
no omission but purely and simply the replacement of one member 
by another without interfering with the proper functions of the 
latter. 

Crank-ghaft.--While the crank-shaft has not been entirely 
suppressed, it has been reduced to next to nothing in rotative 
motors. All the connecting rods are attached to one or at most 
two crank-pins. Whence a reduction in weight of the crank- 
shaft as well as the connecting rod heads which frequently merge 
into one. 

Cams and I/alves.--M. Esnault-Pelterie has not considered 
negligible the weight of cams and valves. In his seven-cylinder 

FIG.  7. 

Dutheil-Chalmers double opposed motor.  

motor a single cam controls the entire distribution. The concen- 
tric valves are lightened and so arranged that their cooling is a 
simple matter. 

3" INCREASE OF TIIE RATIO OF POWER TO WEIGIIT,--The 
increase of power per unit of mass is far from being a new prob- 
lem. The designers of the racing cars intended to compete for 
the Gordon-Bennett cup, when a maximum weight was specified, 
have exhausted the subject and there rem,ains little to be done for 
aviation motors. 

High power per unit of mass is allied in many ways with 
good efficiency. In other ways it is entirely independent of effi- 
ciency. A discriminating choice among these contradictory con- 
clusions is needful to produce a motor of high unit power and df 
high efficiency. 
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Without entering into a discussion o[ all the data o[ the ques- 
tion we shall be content to announce the conclusions. The form 
of what is known as the characteristic curve of an explosive motor 
is familiar; it expresses the power of the motor as a function of 
its angular velocity (Fig. m ) .  Clearly the power first increases 
with the speed, reaches a maximum, then decreases rapidl)> with 
any increase of speed. The velocity ~2 corresponding to the 
maximum power, P, is known as the critical speed• It is con- 
ceivable that the further towards the right the position of the 
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o e i : , 
i , t 

' I I 

Full curve, tangent ia l  effort; dotted curve, 
tangential  resistance. 

• F I G .  9 '  

0; 
1 i i i i i 

~ I  , 1 ' ' I ' 

: , I I 
T t ~ 
, i t i 
J 1 t i 

3 3 

Showing the marked improvement in uni- 
formity of torque over "chat'of a 4-eylinde~ 
motor• 

FIG. Io. 

I ~ M 

t 

in 

Characteristic curve of explosion motor. Abscissm, angular velocity; ordinates, power. 

maximum point, /1I, assumes, the greater will its value become. 
Hence the search will be made in other terms to find the high- 
velocity motor. 

Satisfactory efficiency requires high piston speed; hence, at 
the same time, high angular velocity and a long stroke. Length- 
ening the stroke increases the weight without much gain in power. 
Let us also inquire, on this point, into the lessened efficiency. 
Nearly all aviation motors are square, that is, bore equal to the  
stroke• High Compression increases the efficiency and also the 
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unit power. Nevertheless it does not appear that in this direction 
the question has been fully investigated for aviation motors. 
The maximum of compression 9 ° to Ioo pounds per square inch, 
which with care can be attained with petrol, is far from having 
been reached. This is due, without  doubt, to the difficalty of 
cooling a high-compression motor  When employed for aviation. 

The ruling temperature in aviation motors, which is as high 
as possible, while again favorable to efficiency, is offset by an 
excessive consumption of lubricating oil. In this, as in all things, 
a happy medium should be observed. 

In conclusion, the light motor will be a high-speed motor, the 
compression will be moderate. The cylinders will be of steel 
with vanes Or a separate water-jacket. I t  will be equipped with 
at least six cylinders, generally seven, to avoid the use of a fly- 
wheel. 

In a future article we shall s tudy the practical realization of  
those conditions amo.ng various designers and a classification o~ 
their motors. 

Thulium. C. JAMES. (Amer. Chem. Soc. Yourn., xxxii, 517). 
About 250 Gin. of the bromate of Cleve's thulium were obtained 
by the continued fraetionation of those rare earth bromates more 
soluble than erbium bromate. Thulium salts are of a pale bluish- 
green color, which is readily changed by minute amounts of erbimn, 
the solution becoming first yellowish-green, then yellow, colorless, 
and finally pink with the increase of the proportion of erbium. The 
author is determining the atomic weight of the metal and is con- 
tinuing the fractionation to ascertain if more than one element is 
present. 

Course of Radio-active Projections. L. WERTENSTEIN. 
(Comptes rendus, el, 869.)--I t  is known that a-particles are propa- 
gated in a practically straight line to the poifit where they stop, 
each kind of a-particles having a well-defined path. The author has 
investigated the case of the projection of RaB by RaA in order to 
ascertain whether the projection exhibits an analogous character. 
The results show that the RaB particles traverse a definite path 
equal to 2 mm. at 45 ram. pressure, and that the length of this path 
is inversely proportional to the pressure, the product of path and 
pressure being about 9 ° . At the normal pressure the oath is about 
o.I ram. corresponding with a penetrability 400 times less than that 
of  the a-rays of RaA. 


